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P-LACTAM PRODUCTION 

This is a continuation of International Application No. 
PCT/EPOO/03428, filed Apr. 14, 2000, the contents of which 
are incorporated herein by reference. 

The present invention relates to the production of 
P-lactams, such as pharmaceutically active p-lactams, e.g. 
cephalosporins, such as ceftriaxone or similar compounds. 

In one aspect the present invention provides a process for 
the production of a compound of formula 



ii) reacting a compound of formula II wherein X, Y, R'^ and 
Rj are as defined above, with a compound of formula 



A. 



,R" 



10 wherein R' is hydrogen or silyl and R" is silyl; to obtain 
a compound of formula 



^ORi 



^OR 




15 



20 




COORe 



COOR't 



wherein X and R^ are substituents useful in cephalosporin 
chemistry and R^ is hydrogen, a negative charge or together 25 
with the COO — group to which R^ is attached is an ester, 
e.g. ceftriaxone or cefotaxime; comprising 

i) reacting a compound of formula 



IV 




^N 



35 



COOR't 



wherein R is hydrogen or silyl, R'^ is silyl or together with 40 
the COO — group to which R^ is attached is an ester; and 
X is as defined above, with a compound of formula 



III 




45 



50 



wherein Y is halogen, Y' is a group which forms a basis 
that a compound of formula III is in a reactive form; and 
Rj is as defined above, to obtain a compound of formula 



,ORi 




55 



60 



65 



wherein Y, X, R'^ and R^ are as defined above; 



wherein X, R^, R' and R'^ are as defined above, and 
desilylating a compound of formula VI to obtain a com- 
pound of formula I; or 
ii') desilylating a compound of formula II wherein Y, X, R'^ 
and Rj are as defined above, and reacting a desilylated 
compound of formula II with thiourea in a solvent system 
containing organic solvent and water; e.g. and an alcohol; 
to obtain a compound of formula I; 
e.g. a compound of formula I in free form; e.g. or a 
compound of formula I in the form of a solvate, or in the 
form of an ester or in the form of a salt, or in the form of an 
ester or in the form of a salt, and in the form of a solvate. 
In another aspect the present invention provides a process 
for the production of a compound of formula I, wherein X, 
Rj and R^ are as defined above, e.g. ceftriaxone or cefo- 
taxime; comprising reacting a compound of formula II, 
wherein Y, X, R'^ and R^ are as defined above, with a 
compound of formula V wherein R' and R" are as defined 
above according to step ii) as defined above; or 
desilylating a compound of formula II, wherein Y, X, R'^ 
and Rj are as defined above, and reacting a desilylated 
compound of formula II with thiourea according to step 
ii') as defined above, to obtain a compound of formula I; 
e.g. a compound of formula I in free form; e.g. or a 
compound of formula I in the form of a solvate, or in the 
form of an ester or in the form of a salt; or in the form of 
an ester or in the form of a salt, and in the form of a 
solvate. 

A compound of formula I in free form, in the form of an 
ester and in the form of a salt; e.g. and in the form of a 
solvate; e.g. or in the form of a non-solvate, may be 
obtained. 

Acompound of formula I in free form, e.g. and in the form 
of a solvate or in the form of a non-solvate; may be 
converted in the form of an ester or in the form of a salt; e.g. 
and in the form of a solvate, or in the form of a non-solvate; 
and vice versa. A compound of formula I in the form of a 
solvate may be converted into a compound of formula I in 
the form of a non-solvate and vice versa. Conversion may be 
carried out according to a method as conventional, e.g. 
including a method as conventional. 

It is one advantage of the present invention that a com- 
pound of formula II needs not to be isolated in the course of 
the reaction. It is another advantage of the present invention 
that a process of the present invention may be a one-pot 
process. 
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In a compound of formula I, 
X is a substituent useful in cephalosporin chemistry. A 
substituent useful in cephalosporin chemistry includes 
e.g. a substituent according to a substituent conventional 
in cephalosporin chemistry, e.g. including a substituent 5 
conventional in cephalosporin chemistry. A substituent 
useful in cephalosporin chemistry includes a substitutent 
which is useful in pharmaceutically active cephalospor- 
ins; and a substituent which is useful in intermediates for 
the production of pharmaceutically active cephalosporins, lo 
Preferably X is aUsyl or aUsenyl, more preferably methyl 
or ethenyl; e.g. including unsubstituted or substituted 
alkyl and alkenyl; e.g. unsubstituted alkyl and alkenyl, 
and alkyl and alkenyl substituted by alkoxy, 
heterocylcylthio, heterocycylcarbonylthio; 15 
alkylcarbonyloxy, preferably methylcarbonyloxy, hetero- 
cycly; 
Rj is a substituent useful in cephalosporin chemistry. Pref- 
erably Rj is unsubstituted or substituted alkyl, e.g. unsub- 
stituted alkyl, or alkyl substituted by carboxyl. More 20 
preferably Rj is methyl; carboxymethyl; or a group of 
formula — C(CH3)2C00H. 
R^ is hydrogen, a negative charge or is, together with the 
COO — group to which R^ is attached, an ester group; e.g. 
an ester group useful in cephalosporin chemistry. 25 

If R^ is a negative charge, the group X may contain a 
positive charge; e.g. in the form of a positively charged 
amine. 
If R^ together with the COO — group to which R^ is 
attached is an ester group R^ preferably forms with the 30 
COO — group a physiologically hydrolysable and accept- 
able ester, e.g. R^ is a substituent useful in cephalosporin 
chemistry. 

A compound of formula I may thus be in the form of a 
physiologically-hydrolysable and -acceptable ester. By 35 
physiologically-hydrolysable and -acceptable esters as used 
herein is meant an ester in which the COO — group together 
with R^ forms an ester which is hydrolysable under physi- 
ological conditions to yield an acid which is itself physi- 
logically tolerable at dosages to be administered. The term 40 
"R^ together with the COO — group to which R^ is attached 
is an ester group" is thus to be understood as defining regular 
pro-drug forms of a compound of formula I. Agroup — OR^ 
may be preferably a group which is easily hydrolysable 
under physiological conditions. Such esters may be admin- 45 
istered preferably orally, since hydrolysis usually takes place 
under the influence of the digestive enzymes. Parenteral 
administration may be indicated if the ester per se is an 
active compound or, if hydrolysis occurs in the blood. 

If not otherwise defined herein heterocyclyl includes e.g. 50 
5 or 6 membered heterocyclyl; e.g. including a bicyclic ring 
system, e.g. of 10 to 12 carbon atoms; e.g. hetrocyclyl 
having 1 to 4 heteroatoms; e.g. selected from N,0 or S; e.g. 
including unsubstituted heterocyclyl or substituted 
heterocyclyl, e.g. unsubstituted heterocyclyl or heterocyclyl 55 
substituted; e.g. by one or more substituents; e.g. by a 
substituent useful in cephalosporin chemistry; e.g. hetero- 
cyclyl substituted by alkyl e.g. including (Ci_4)alkyl; car- 
boxyalkyl; carbonyl. Alkyl includes (Ci_4)alkyl. Alkenyl 
includes (C2_4)alkenyl. Alkoxy includes (Ci_4)alkoxy. Silyl 60 
includes trialkylsilyl, e.g. trimethylsilyl. Halogen (halo-) 
includes bromide, chloride, iodide. 

A solvent system or solvent (system) includes one or more 
individual solvents. 

Preferably a compound of formula I is cefdinir (see e.g. 65 
Merck Index, 12''" edition, item 1971), cefditoren (see e.g. 
Merck Index, 12''" edition, item 1972), cefepime (see e.g. 



Merck Index, 12''" edition, item 1973), cefetamet (see e.g. 
Merck Index, 12''" edition, item 1974), cefixime (see e.g. 
Merck Index, 12''" edition, item 1975), cefmenoxime (see 
e.g. Merck Index, 12''" edition, item 1976), cefodizime (see 
e.g. Merck Index, 12''" edition, item 1979), cefotaxime (see 
e.g. Merck Index, 12''" edition, item 1983), cefpirome (see 
e.g. Merck Index, 12''" edition, item 1990), cefpodoxime and 
cefpodoxime proxetil (see e.g. Merck Index, 12''" edition, 
item 1991), ceftazidime (see e.g. Merck Index, 12''" edition, 
item 191995), cefteram (see e.g. Merck Index, 12''" edition, 
item 1996), ceftiofur (see e.g. Merck Index, 12''" edition, 
item 1999), ceftiaxone (see e.g. Merck Index, 12''" edition, 
item 2001), cefuzonam (see e.g. Merck Index, 12''" edition, 
item 2003); more preferably a compound of formula I is 
ceftriaxone or cefotaxim. 

A compound of formula I includes a compound of for- 
mula I in free form, in the form of an ester and in the form 
of a salt; e.g. and in the form of a solvate or in the form of 
a non-solvate. 

Step i) may e.g. be carried out as follows: 

Compounds of formulae III and IV are known and may be 
prepared according to a method as conventional. In a com- 
pound of formula III, Y' is a group which forms a basis that 
a compound of formula III is in a reactive form; e.g. 
including halogen, a group which forms together with the 
— C^O group to which Y' is attached an active ester, and 
a group which forms together with the 
— C^O group to which Y' is attached a mixed anhydride. 

If X and/or R^ comprise silylatable groups (functions), 
such groups may be in silylated form in a compound of 
formulae II, IV and VI. If X and/or Rj comprise silylated 
groups in a compound of formulae II or VI such groups are 
desilylated in step ii) or ii). Preferably a compound of 
formula II or of formula VI contains one or more silyl 
groups. 

In another aspect the present invention provides a com- 
pound of formula II wherein R'^, R^ and Y are as defined 
above; e.g. a compound of formula II, wherein preferably 
R'^ is silyl, R^ is methyl and Y is defined as above; and X 
denotes a group of formula 



CH3 




wherein R'" is silyl. 

Such compounds are new, are e.g. useful intermediates, 
e.g. in the production of pharmaceutically active cepha- 
losporins; e.g. and may be obtained by reaction of a com- 
pound of formula III, wherein Y is halogen, e.g. bromo, 
chloro; and Y' is halogen, e.g. chloro; with a compound of 
formula IV wherein R'^ is silyl, and X is one of the above 
two mentioned groups; e.g. in an organic solvent (system). 

Step ii) may be carried out as follows: 

Thiourea may be silylated with a silylation agent in a 
solvent (system) inert under the reaction conditions. Appro- 
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priatesilylationagente.g.includessilylationagentsaccordingto Desilylation of a compound of formula VI obtained in a 

conventional situation agents, e.g. including conventional process according to the present invention may be e.g. either 

silylation agents, e.g. mono- or bissilylated amides, e.g. carried out according to a method as conventional, e.g. by 

derived from formamides, acetamides or trifluoroaceta- , , . ■., i u i j/ * j • i *• 

. , , . /, . .1 , M ,\ 1 .1 • ,• M treatment with an alcohol and/or water and isolatmg a 

mides; bis-(trimethylsilyl)-urea or hexamethyidisilazane, 5 ,rr,,., ... 

e.g. in combination with an acid; halosilanes, e.g. compound of formula I obtamed; or may be carried out m 

chlorsilanes, e.g. in combination with an acid acceptor, e.g. the course of the isolation of a compound of formula I; e.g. 

an amine, such as triethylamine, tert.octylamine. A solvent a compound of formula I may directly be isolated from the 

(system) includes e.g. halogenated, e.g. chlorinated, reaction mixture containing a compound of formula VI 

hydrocarbons, such as dichloromethane; esters, e.g. ethyl ^^ comprising silyl groups, in free form, in the form of an ester 

acetate; and ethers; e.g. tetrahydrofuran. A compound of ^^ ^^^ ^^^^ ^^ ^ ^^j ^^^ -^ ^^^ ^^^^ ^^ ^ ^^l^^j^ ^^ -^ 

formula V, wherein R and R are as denned above, may be , ^ ^ , . , . , . , 

obtained form of a non-solvate; e.g. without isolating a compound 

In another aspect the present Invention provides a com- of formula VI. This may be carried out e.g. according to a 

pound of formula V, wherein R' is hydrogen or tri(Ci_4) method as conventional; e.g. using appropriate extraction 

aUsylsilyl, e.g. trimethylsilyl; and R" is tri(Ci_4)alkylsilyl; i^ ^jj^j isolation steps, such as: 

e.g. rime y si y . E.g. Completing desilylation before isolating a compound of 

Compounds of formula V are useful intermediates, e.g. in ^ . . 

the production of pharmaceutically active cephalosporins. If . ' . , . . . .,,.,. 

an equivalent amount or more of a silylation agent is used in e.g. Choosing optimal pH conditions m respect with stability 

respect with the two possible reaction sites in thiourea, a 20 and isolation of a compound of formula I, e.g. by use of 

compound wherein both, R' and R", are tri(Ci_4)alkylsilyl buffer solutions, alkaline solutions or ammonium salt 

may be obtained. If an amount below the equivalent amount solutions of organic acids such as carbonates, 

is used in respect with the two possible reaction sites in carboxylates, phosphates, phosphonates and borates; 

thiourea, e.g. an amount equivalent in respect with one of the e.g. Choosing optimal conditions in respect with the solu- 

possible reaction sites in thiourea, a compound of formula V 25 bility of a compound of formula I 

may be obtained wherein R' is hydrogen and R" is Choosing optimal solvent (system) conditions; e.g. 

tri(C,>lkylsilyL ,,,-,.,,, , beside water, organic solvents may be used, e.g. alc;hols, 

A compound of formula V maybe obtained in the form of , ^^ \ T , , , ^ , , 

a mixture of a compound of formula V wherein R' is ^^^^ as (Ci.4)-alcohols, such as 2-propanol; ketones, e.g. 

hydrogen and R" is tri(Ci 4)alkylsilyl and a compound of acetone; nitriles, e.g. acetonitrile; esters, e.g. methyl 

formulaVwhereinboth, R'andR", aretri(Ci.4)alkylsilyl.A ^° acetate; ethers, e.g. tetrahydrofuran; and amides, e.g. 

compound of formula V may be isolated, e.g. according to dimethylformamide; 

a method as conventional. In a reaction according to the e.g. Choosing an aqueous/organic solvent system which may 

present invention a compound of formula V is preferably not optimize the separation of side products, 

isolated. E.g. ceftriaxone in the form of a disodium salt; e.g. and in 

E.g. according to step ii) a compound of formula II ^^ the form of a hemiheptahydrate, may be directly obtained 

wherein R'^, R., X and Y are as defined above; e.g. wherein from a reaction mixture containing a corresponding silylated 

In a group X and/or in a group R^ silyl groups may be ceftriaxone of formula VI, e.g. by treating the reaction 

present; may be reacted with a compound of formula V, mixture containing a silylated ceftriaxone, e.g. produced 

wherein R' and R" are as defined above, e.g. produced as according to a process of the present invention, with a 

described above or in the examples. That reaction may be ^^^^^^ ^j ^^^^^ ^^^ ^^^^^^ ^^^^^^^ ^^-^^ -^ miscible with 

carried out m a solvent (system), eg. a solvent (system) as ^^^^^^ ^^^^^^^. ^^^ ^ ^^^^^ ^ ^^^^^ ^^^^^^. 

described above in the production of a compound of formula j- 1 ^u lu * j -^u • * ^ * j 

,,.,, ^, , ■ , ., sodium 2-ethylhexanoate; and with a mixture of water and 

V. An add acceptor may be present, e.g. to bind an acid, e.g. . , ^ 1 • 1 • 1 , ^ r » 1 

J- , • .1 /.I .• • , ,• an organic solvent which IS able to from a two-phase system 

formed in the course of the reaction; e.g. including mono- or ., ,. , , , ^, tt r 1 • 

,..,,,,., J -I, J t. • 45 with water, e.g. dichloromethane. Ihe pH of the mixture 

bissilylated amides, e.g. as described above; or amines, e.g. ,.,.'., _ ^ , , ,. . 

trialkylamines, such as N,N-diispropylethylamine. obtained is adjusted to about 6.5, e.g. 6.5; by addition of a 

A compound of formula VI wherein R'^ is as defined ^ase, e.g. sodium bicarbonate. A two-phase system is 

above; e.g. wherein in a group X and/or R^ silyl groups may fo™ed. The organic phase is separated off and the pH of the 

be present; may be obtained. aqueous phase is adjusted to a pH of about 3, e.g. 3; by 

In another aspect the present invention provides a com- ^° addition of an acid, e.g. hydrochloric add. A precipitate 

pound of formula (ceftriaxone in free form) is obtained and filtrated off. The 

precipitate obtained is suspended in a mixture of water and 

^ORi organic solvent which is miscible with water, e.g. acetone; 

and the pH of the mixture obtained is is adjusted to about 
6.5, e.g. 6.5; by addition of a sodium source, e.g. a sodium 
salt, e.g. sodium bicarbonate. A solution is obtained from 
which ceftriaxone in the form of a disodium salt; e.g. and in 
the form of a hemiheptahydrate; crystallizes and may be 

,„ isolated, e.g. by filtration. E.g. by addition of further organic 
solvent, e.g. acetone; crystallization may be completed. 

In another aspect the present invention provides a process 
for the production of ceftriaxone in the form of a disodium 

e.g. which is a compound of formula VI; wherein R^ is as salt, e.g. and in the form of a hemiheptahydrate; e.g. in high 

defined above, e.g. methyl; and R', R'^ and R'" are 65 purity; e.g. in crystaUine form; comprising reacting a com- 

tri(Ci_4)alkylsilyl, e.g. trimethylsilyl; e.g. useful in the pro- pound of formula II wherein Y is as defined above, R^ is 

duction of ceftriaxone, e.g. or similar compounds. CH3, R'^ is silyl; and X is a group of formula 
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-HjC 




10 



15 



wherein R'" is as defined above, with a compound of formula 
V, wherein R' and R" are as defined above to obtain a 
compound of formula VI, wherein R'^ is silyl; R^ is CH3, R' 
is as defined above and X is a group of formula 



CH3 



-HjC 



-HjC 




20 



8 



prising water; e.g. in organic solvent, e.g. a solvent which is 
able to form a two-phase system with water, including 
halogenated, e.g. chlorinated hydrocarbons, e.g. 
dichloromethane, esters, e.g. acetic add (Cj_4)alkyl esters; 
ethers, e.g. diisopropylethers; and in the presence of water; 
and e.g. in the presence of alcohols, such as an (Cj_4)alcohol, 
e.g. ethanol or isopropanol. Preferably an alcohol is present, 
e.g. in an appropriate amount e.g. including amounts of 5% 
to the double volume of the volume of the total solvent 
system used, e.g. in case of dichloromethane present as an 
organic solvent, including amounts of 5% to 
30% of the volume of the total solvent system used. Abase, 
e.g. an amine, e.g. triethylamine, may be present; e.g. in 
order to neutralize an halogenic acid set free in the course of 
the reaction. A compound of formula I may be obtained; e.g. 
in free form or in the form of a salt; and e.g. in the form of 
a solvate or in the form of a non-solvate; and may be isolated 
and e.g. may be purified; e.g. according to a method as 
conventional; e.g. or according to a method as described 
above. 

In another aspect the present invention provides a process 
for the production of ceftriaxone in the form of a disodium 
salt, e.g. of formula 



lA 



25 



,OCH3 




ONa 



35 



comprising 

i) silylating a compound of formula 



wherein R'" is as defined above; and 

i) treating the reaction mixture obtained with water/organic 

solvent which is miscible with water, a base and with 

water/organic solvent which is able to form a two-phase 

system with water; 
ii) adjusting the pH of the mixture obtained to about 6.5; e.g. 

by addition of a base; 
iii) separating off the organic solvent from the two-phase 

system obtained; 
iv) adjusting the pH of the aqueous phase obtained to a pH 

of about 3; e.g. by addition of an acid, 
v) filtrating off the precipitate formed; 
vi) suspending the precipitate obtained in a mixture of water 

and organic solvent which is miscible with water, 
vii) adjusting the pH of the mixture obtained to about 6.5; 

e.g. by addition of a base; e.g. and adding acetone to the 

mixture obtained to complete crystallisation; and 
viii) isolating ceftiaxone in the form of a disodium salt; e.g. 

and in the form of the hemiheptahydrate. 

A process for the production of ceftriaxone in the form of 
a disodium salt according to the present invention may be 
e.g. carried out as follows: 

A compound of formula II wherein R'^, R^, X and Y are 
as described above, e.g. obtained as described above; is 
desilylated, e.g. according to a method as conventional, e.g. 
by treatment with alcohol and/or water. A compound of 
formula II which is desilylated may be obtained and may be 
reacted, e.g. without isolation from the reaction mixture 
obtained; with thiourea in a solvent mixture (system) com- 



40 



45 



50 



55 



60 



65 




0\ ^CHs 



COOH 



or a compound of formula IIA in the form of a salt and 
iodinating; e.g. a compound obtained in silylation; to 
obtain a compound of formula 



(alk)3SiHN- 




COOSi(alk)3 



wherein R^ is hydrogen or trialkylsilyl; e.g. trimethylsi- 
lyl; and alls is alkyl, e.g. methyl; 



Case1:06-cv-01640-TFH Document 13-30 Filed 01/19/2007 Page 7 of 14 



US 6,552,186 B2 



9 



ii) reacting a compound of formula IIIA obtained in step i) 
with a compound of formula 



Y"r 




■OSi(alk)3 



10 



wherein R'^ is hydrogen or triaUsylsilyl, e.g. trimethylsi- 
lyl; and desilylating; e.g. a compound obtained by reac- 
tion of a compound of formula IIIA with a compound of 
formula IVA;, to obtain a compound of formula 



,OCH3 



HoN- 




iii) isolating a compound of formula VA obtained in step ii) 

from the reaction mixture; and 
iv) converting a compound of formula VA obtained in step 

iii) into ceftriaxone in the form of a disodium salt; e.g. and 

in the form of a hemiheptahydrate. 

A process for the production of a compound of formula 
VA according to the present invention may be carried out as 
follows: 

Step i) may be carried out according to a method as 
conventional and is preferably carried out as follows: 

In step i) a compound of formula IIIA may be obtained by 
treating a compound of formula IIA (e.g. the compound 
7-[2-(aminothiazol-4-yl)-2(Z)(methoxylimino)acetamido]- 
3-(acetyloxy) methyl-3-cephem-4-carboxylic acid, i.e. cefo- 
taxime in free form) or a compound of formula IIA in the 
form of a salt; e.g. in the form of an ammonium salt, or in 
the form of a sodium salt (sodium cefotaxime); preferably 
sodium cefotaxime; with a silylation agent and an iodination 
agent in a solvent (system). 

Preferably sodium cefotaxime is used, e.g. in view of the 
fact, that 

cefotaxime in free form is a strongly solvating molecule, 
e.g. acetone and ethanol solvates of cefotaxime are 
known; 

cefotaxime in free form may contain considerable 
amounts of water; 
whereas sodium cefotaxim is poorly solvating and contains 
usually less amounts of solvent than cefotaxime in free form. 
Thus, if sodium cefotaxime is used instead of cefotaxime in 
free form, less silylation agent, e.g. trialkylsilylation; agent 
which may be reactive in respect with solvent (system), e.g. 
water and acetone, may be used. 

Appropriate silylation agents include silylation agents 
usable according to conventional silylation processes; e.g. 
halosilanes, such as iodotrialkylsilane, e.g. iodotrimethylsi- 
lane (TMIS), e.g. in the presence of a nucleophile base; 
silylated amides, e.g. N,0-bis-(trimethylsilyl)- 
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trifluoracetamide (BSTFA), N-methyl-N- 
trimethylsilyltrifluoracetamide (MSTFA); silazanes, e.g. 
1,1,3,3,3-hexamethyidisilazane (HMDS); silylated ureas, 
such as bis-(trimethylsilyl)-urea (BSS), N,N'-bis- 
(trimethylsilyl)-urea (BSU); or a mixture of two or more of 
silylation agents; e.g.; a mixture of BSTFA or MSTFA or 
BSS or BSU with HMDS; preferably a mixture of BSTFA or 
MSTFA or BSS or HMDS with TMIS a mixture of BSTFA 
or MSTFA or BSS or HMDS with TMIS. The choice of a 
specific silylation agent may be important to enhance e.g. 
yield and purity of a desired compound of formula IIIA. if 
sodium cefotaxime is used for silylation preferably BSTFA, 
BSS or HMDS in combination with TMIS may be used. If 
cefotaxime in free form is used for silylation preferably 
HMDS, e.g. in the present of a silylation catalyst, e.g. 
including a silylation catalyst according to a conventional 
process; may be used. Preferably silylation is carried out 
before iodination. 

An iodination agent includes an iodination agent usable in 
iodination reactions, e.g. according to a conventional iodi- 
nation reaction, e.g. an iodination agent conventional in 
cepholosporin chemistry, e.g. an iodotrialkylsilane, prefer- 
ably TMIS, e.g. produced in situ from iodine and hexam- 
ethlydisilane in dichloromethane. Preferably per mol of 
cefotaxime in free form or in the form of a salt 1.5 to 2.5 mol 
of iodination agent may be used. Iodination may be com- 
pleted after silylation, e.g. a first amount of TMIS may be 
added to a compound of formula IIA preferably for silyla- 
tion; and a second amount thereafter may be added for 
completing iodination. 

To obtain a compound of formula IIIA wherein R'^ 
denotes triaUsylsilyl, e.g. after iodination, a corresponding 
higher amount of a silylation agent may be used than for the 
case where R'^ denotes hydrogen. 

An appropriate solvent (system) includes a solvent 
(system) inert under the reaction conditions, e.g. 
halogenated, e.g. chlorinated hydrocarbons, e.g. dichlo- 
romethane; nitriles; preferably dichloromethane. 

A compound of formula IIIA obtained via silylation and 
iodination of a compound of formula IIA may be isolated, 
e.g. according to a process as conventional; but is preferably 
further reacted without isolation with a compound of for- 
mula IVA. 

In step ii) a compound of formula IIIA; e.g. as obtained 
in step I); is reacted with a compound of formula IVA, e.g. 
silylated 3-mercapto-2-methyl(2,5-dihydro-6-hydroxy-5- 
oxo-as)-triazn; e.g. to obtain a compound of formula VAin 
a silylated form; and desilylating a compound of formula VA 
in a silylated form, to obtain a compound of formula VA; e.g. 
7-[2-(aminothiazol-4-yl)2(Z)-(methoxyimino)acetamidol]- 
3-[(2,5-dihydro-6-hydroxy-2-methyl-5-oxo-as-triazin-3-yl) 
thio]-3-cephem-4-carboxylic add; in a solvent (system). 
Step ii) may be carried out according to a method as 
conventional and preferably may be effected as follows: 

A compound of formula IVA which contains silylatable 
oxygen functions and which has a better solubility, e.g. in 
organic solvent (system); in a silylated form than in a 
non-silylated form, may be obtained by silylation of 
3-mercapto-2-methyl-(2,5-dihydro-6-hydroxy-5-oxo-as)- 
triazin. Appropriate silylation agents include e.g. silylated 
amides; such as N,0-bis-(trimethylsilyl)-acetamide (BSA), 
N-methyl-N-trimethylsilyl-acetamide (MSA), BSS, BSU; or 
a silylation agent as appropriate in step i) for silylating a 
compound of formula IIA; of the present invention; prefer- 
ably BSA. An appropriate solvent (system) includes solvent 
(system) inert under the reaction conditions, e.g. 
halogenated, e.g. chlorinated hydrocarbons, e.g. dichlo- 
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romethane; nitriles, e.g. acetontrile; amides, e.g. dimethy- 
lacetamide; esters, e.g. ethylacetate; and ethers, e.g. tetrahy- 
drofuran: preferably dichloromethane. BSA as a silylation 
agent together with dichloromethane as a solvent are pre- 
ferred; e.g. in view of the finding of a quick silylation and 5 
easy solvent recovery. 

Per mol of a compound of formula IIIA about 1 mol of a 
compound of formula IVA; e.g. or more; may be used. 
Preferably per mol of a compound of formula IIA, or of a 
compound of formula IIA in the form of a sodium salt 0.9 
to 1.1 of a compound of formula VIA may be appropriate. 

A compound of formula VA may be obtained which is 
isolated according to step iii) of the present invention. 

Preferably steps i) and ii) may be carried out as follows: 

Sodium cefotaxim in dichloromethane is silylated with a 
mixture of BSTFAor BSS with TMIS. 1.5 to 2.5 mol per mol 
of sodium cefotaxime are added to the reaction mixture 
obtained in silylation at appropriate temperatures, e.g. at a 
temperature from -20° to 20° C; preferably from 0° bis 10°. 
A compound of formula IIIA is obtained and is reacted with 
a compound of formula IV, produced by reaction of 
3-mercapto-2-methyl-(2,5-dihydro-6-hydroxy-5-oxo-as) 
triazin with BSA in dichloromethane. A compound of for- 
mula VA In a silylated form may be obtained. 

Desilylation of a compound of formula VA in a silylated 25 
form may be carried out according to a method as 
conventional, e.g. by treatment with water and/or alcohol, 
e.g. in the presence of organic solvent (system); e.g. solvent 
originating from the reaction of a compound of formula IIIA 
with a compound of formula IVA; and e.g. in the presence 30 
of a base, preferably sodium acetate or an amine. More 
preferably a reaction mixture obtained in step ii) is mixed 
with an alcoholic solution of sodium acetate and water. A 
compound of formula VA may be obtained. 

Step iii), i.e. isolation of a compound of formula VA, may 
be effected according to a method as conventional and is 
preferably effected as follows: 

The pH of a reaction mixture obtained in step ii) may be 
adjusted to (about) 4 to 7, preferably to (about) 6 to 6.5, e.g. 
either after desilylation of a compound of formula VA in a 
silylated form; or during desilylation, e.g. in case that a base 
is used in the desilylation step; preferably after desilylation. 
A reducing agent may be added to the reaction mixture, e.g. 
in order to remove reduceable components present in the 
reaction mixture, e.g. iodine; e.g. including thiosulphate, 
bisulfite, ascorbinic add. Water and an organic solvent, 
which is able to form a A two-phase system with water, e.g. 
dichloromethane, is added to the mixture obtained and a 
two-phase system is formed. The phases are separated and 
the organic phase is dismissed. In order to remove colored 
impurities the aqueous phase may be treated with charcoal. 
After charcoal removal, the pH of the aqueous phase may be 
adjusted to (about) 2.0 to 3.5, e.g. 3.0. A compound of 
formula VA may precipitate and may be isolated, e.g. by 
filtration. 

According to conventional methods in ceftriaxone pro- 
duction a compound of formula VA is usually not isolated 
from a reaction mixture containing it, but isolated in the 
form of a salt, e.g. directly as a compound of formula lA; or 
in the form of another salt, e.g. in the form of a dibenzyl- 
ethylendiamine salt. We have found that isolation of a 
compound of formula VA according to the present invention 
surprisingly may improve the quality, e.g. purity, side 
product-profile (e.g. less side products), content, color; and 
may improve surprisingly the crystallisation behaviour; of a 
compound of formula lA, produced from an isolated com- 
pound of formula VA, e.g. compared with direct production 
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of a compound of formula lA from a compound of formula 
VA without isolation of a compound of formula VA. 

According to step iv) a compound of formula VA isolated 
in step iii) is converted into a compound of formula lA, e.g. 
ceftriaxone in the form of a disodium salt Step iv) may e.g. 
be carried out according to a conventional method and is 
preferably carried out as follows: 

Preferably a compound of formula VA in isolated form, 
e.g. isolated as described in step iii), is further purified 
before conversion into a compound of formula lA. Further 
purification includes e.g. dissolution in an alcohol, e.g. 
methanol and charcoal treatment of the mixture obtained. 
For conversion a compound of formula VA is treated in a 
solvent (system) with a sodium source to obtain a pH of the 
mixture of (about) 5.0 to 7.0. A solvent (system) includes a 
mixture of organic solvent, preferably acetone; and water; 
e.g. in a range of organic solvent:water of e.g. 1:1 to 10:1; 
such as 3:1 to 8:1; e.g. 5:1. A sodium source includes e.g. a 
sodium salt, e.g. a sodium salt of an add, e.g. sodium 
hydroxide, carbonate, bicarbonate, acetate. Ceftriaxone in 
the form of a disodium salt, e.g. in the form of a hemihep- 
tahydrate; may crystallize. Crystallization may be completed 
by addition of organic solvent, e.g. by addition of further 
acetone. 

A compound of formula lA, i.e. ceftriaxone in the form of 
a disodium salt may be obtained and may be isolated in 
surprising high purity. 

In another aspect the present invention provides a process 
for the production of a compound of formula 
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wherein X' and R^ are substituents useful in cephalosporin 
chemistry; e.g. a compound of formula I is ceftriaxone; e.g. 
in free form, in the form of an ester or in the form of a salt; 
e.g. and in the form of a solvate; or in the form of a 
non-solvate; comprising 

i) silylating a compound of formula 



55 
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COOH O 



or a compound of formula IIB in the form of a salt, to 
obtain a compound of formula 
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wherein R^ is hydrogen or trialkylsilyl, and alk is alkyl; 
ii) reacting a compound of formula IIIB with a compound of 
formula 15 



R'„S— X' 



IVB 



wherein R'^ is hydrogen or trialkylsilyl and X' is as 
defined above, in the presence of a compound of formula 



20 



VB 



O 

II 

R2R3R4Si O S R5 

II 
O 



25 



wherein R2, R3 and R4 independently of each another are 

aryl or alkyl and R5 is alkyl or aryl; e.g. trimethylsilyl- 

trifluoromethanesulfonate; and 
iii) isolating a compound of formula IB from the reaction 30 

mixture obtained in step ii). 

In a compound of formula IB, X' and R^ are substituents 
useful in cephalosporin chemistry; e.g. R^ is aUcyl, e.g. 
methyl; and X' is heterocycly or heterocyclylcarbonyl, pref- 
erably heterocyclyl. A compound of formula IB is preferably 35 
ceftriaxone. 

A compound of formula IIB is e.g. 7-[2-(aminothiazol-4- 
yl)-2(Z)-(methoxyimino)acetamido]-3-(acetyloxy)methyl- 
3-cephem-4-carboxylic acid (cefotaxime in free form). A 
compound of formula II may be in free form or in the form 40 
of a salt, e.g. an ammonium salt or a sodium salt, preferably 
in the form of a sodium salt (sodium cefotaxime). 

In process step i) a compound of formula IIB is silylated 
with a silylation agent to obtain a compound of formula IIIB. 
Process step I) may e.g. be carried out according to a method 45 
as conventional. A preferred silylation agent includes e.g. 

if a compound of formula II is used (cefotaxime in free 
form) preferably HMDS, BSTFA, MSTFA, e.g. in any 
combination; 

if a compound of formula IIB is used in the form of the 50 
sodium salt (sodium cefotaxime) preferably BSS, 
BSTFA, HMDS, e.g. in in the presence of a 
halotrialkylsilane, such as trimethylchlorsilan (TMCS). 

Appropriate solvent (system) in the production of a com- 
pound of formula IB in a silylated form according to the 55 
present invention include preferably solvent (system) which 
may advantageously be used in all reaction steps i) to ii); e.g. 
solvent (system) which is inert during the whole reaction 
sequence; e.g. and which is compatible under the reaction 
conditions. Appropriate solvent (system) includes 60 
halogenated, e.g. chlorinated hydrocarbons, e.g. 
dichloromethane, aliphatic and aromatic hydrocarbons, e.g. 
cyclohexane, toluene; nitriles, e.g. acetonitrile, e.g. includ- 
ing mixtures of individual solvents as mentioned above; 
preferably dichloromethane, cyclohexane; toluene. 65 

A compound of formula IIIB may be obtained and may be 
isolated from the reaction mixture, e.g. according to a 



14 



method as conventional; a compound of formula IIIB is 
preferably not isolated from the reaction mixture but further 
reacted in step ii). 

Process step ii) may be carried out as follows: 

A compound of formula IIIB is reacted with a compound 
of formula IVB in the presence of a compound of formula 
VB. 

A compound of formula IVB may be obtained by silyla- 
tion of a compound of formula IVB which is in a non- 
silylated form. Compounds of formula IVB and compounds 
of IVB in a non-silylated form are known or may be 
prepared e.g. according to a method as conventional. Sily- 
lation of a compound of formula IV in a non-silylated form 
may e.g. be carried out according to a method as conven- 
tional. The group X in a compound of formula IVB may 
comprise silylatable functions which are preferably silylated 
In the course of silylation of a compound of formula IVB. 
Preferred solvents include solvent as described in step i) 
above. Preferred silylation agents include e.g. HMDS, BSU, 
2-trimethylsilyl-l-oxazolidinone (TMSO), TMCS, e.g. in 
the presence of a base; BSTFA, BSA; preferably BSTFA, 
which is highly reactive in the silylation of the thiol function 
and other silylatable functions, e.g. as present in a group X' . 

Compounds of formula VB are known or may e.g. be 
prepared according to a method as conventional. The choice 
of a specific compound of formula VB may be dependent on 
the reactivity and availability of a compound of formula VB. 
E.g. trialkylsilyl-sulfonic acid esters; trimethylsilyl- 
trifluoromethanesulfonate (TMSTf), t-butyl-dimethylsilyl- 
trifluoromethansulfonate, trimethylsilyl- 
nonafluorobutanesulfonate, trimethylsilyl-methanesulfonate 
or trimethylsilyl-benzenesulfonate are commercially avail- 
able. 

Preferred compounds of formula VB include compounds 
of formula VB, wherein R2, R3 and R4 independently of 
each another are aryl or alkyl, preferably alkyl; and R5 is 
alkyl, preferably perfluorinated alkyl, e.g. — CF3. Preferably 
R5 is a strong electron withdrawing (electrophilic) 
substituent, e.g. perfluorinated alkyl; e.g. perfluorinated sul- 
fonates; e.g. trifluorosulfonate; or aryl, carrying substituents 
which are strong electron withdrawing (electrophilic) sub- 
stitutents; e.g. perfluorinated alkyl, perfluorinated 
sulfonates, e.g. methanesulfonates; nitro groups. A preferred 
compound of formula VB is trimethylsilyl- 
trifluoromethanesulfonate . 

A compound of formula IIIB and a compound of formula 
IVB, e.g. commonly silylated in one pot; may be treated in 
a solvent (system); e.g. as described above; with a com- 
pound of formula VB; to obtain a compound of formula IB 
in a silylated form. 

According to the present invention there are involved 
several silylation steps. In respect with silylation agents the 
following comments may be of interest: 

The choice of the silylation agent may influence the 
reaction e.g. in view of the different silylated compounds 
which are used. E.g. a compound of formula VB is a strong 
silylation agent itsself and may thus silylate silylatable 
functions in molecules involved in the reaction sequence in 
the production of a compound of formula IB in a silylated 
form according to the present invention. In order to mini- 
mize the necessary amount of a compound of formula VB, 
it may be advantageous to achieve high silylation grades; i.e. 
silylation as complete as possible; in the production of a 
compound of formulae IIIB and IVB; although the reaction 
according to the present invention also works if compounds 
of formulae IIIB and IVB are incompletely silylated; e.g. if 
correspondingly the amount of a compound of formula VB 
is enhanced. 
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It is also advantageous to use such silylation agents in the 
silylation of a compound of formula IIIB and/or IVB, which; 
or which metabolites therof obtained after reaction; do not 
disturb the function of a compound of formula VB, e.g. by 
reaction with a compound of formula VB; e.g. which do not 5 
react with a compound of formula VB. 

As already described above it should also be considered 
that the choice of a highly appropriate silylation agent may 
be dependent, whether a compound of formula IIB is used 
as such or in the form of a salt. lo 

X' in a compound of formula IIB may further contain 
silylatable functions, which preferably should be already in 
a silylated form, e.g. as complete as possible, before a 
compound of formula VB is added to the reaction mixture. 

The process of the present invention may be carried out 15 
e.g. in a one-pot reaction; e.g. a compound of formula IIB 
and a compound of formula IVB may be silylated commonly 
and may be reacted in the same pot with a compound of 
formula VB, e.g. to obtain a compound of formula IB in a 
silylated form. 20 

Corresponding to the silylation grade achieved in a com- 
pound of formulae IIIB and IVB; including the silylation 
grade of a group X' comprising silylatable functions in a 
compound of formula IIIB; the necessary amount of a 
compound of formula VB may be determined and may be 25 
added in step ii) of the process of the present invention. 

Process step iii) may be carried out according to a method 
as conventional and is preferably carried out as follows: 

The reaction mixture obtained after reaction of the com- 
pounds of formulae IIIB with IVB in the presence of a 30 
compound of formula VB; e.g. to obtain a compound of 
formula IB in a silylated form; is treated in aqueous or 
alcoholic solvent system, e.g. in the presence of an organic 
solvent, e.g. including neutralization of the reaction mixture 
with a base. 35 

Preferably a desilylation step is carried out; e.g. according 
to a method as conventional in desilylation reactions. E.g. 
preferably a base is added, e.g. an alkali salt of a weak acid, 
e.g. sodium acetate; or an amine; to a reaction mixture 
obtained in step i). The base may be dissolved in an alcohol, 40 
e.g. methanol; e.g. comprising water. A precipitate compris- 
ing a compound of formula IB may be formed upon addition 
of the base. 

E.g. a compound of formula IB may be directly isolated 
by isolation of the precipitate formed; or via extraction steps. 45 
For isolation via extraction steps water and an organic 
solvent which is able to form a two-phase system with water 
may be added to the mixture obtained by addition of a base 
to a reaction mixture obtained in step ii). A two-phase 
system may be obtained and the pH of the mixture obtained 50 
may be adjusted and a compound of formula IB may be 
extracted into the aqueous phase. The aqueous phase may be 
purified by charcoal treatment. The pH of the aqueous phase 
may be adjusted to an acidic pH, e.g. an pH from 2.0 to 3.5 
and a compound of formula IB may precipitate and may be 55 
isolated according to a method as conventional. 

A compound of formula IB may be isolated in free form, 
or in the form of a salt from the reaction mixture; e.g. and 
in the form of a solvate. A compound of formula IB in free 
form, optionally in the form of a solvate; may be converted 60 
in a compound of formula IB in the form of a salt; preferably 
in the form of a pharmaceutical^ acceptable salt; e.g. and in 
the form of a solvate. Precipitation of a compound of 
formula IB in free form may also be circumvented, if 
desired. E.g. if a compound of formula IB in the form of a 65 
salt, e.g. a sodium salt, is desired to be isolatedd, a salt 
forming agent, e.g. including a sodium salt forming agent. 



e.g. sodium bicarbonate; may be added to an aqueous 
solution containing a compound of formula IB in free form 
and a compound of formula IB in the form of a salt, e.g. and 
in the form of a solvate; may be isolated from the reaction 
mixture. Alternatively a compound of formula IB may be 
isolated from the reaction mixture and may be converted in 
the form of a salt after isolation. 

In a preferred embodiment of the present invention X' in 
a compound of formula IB denotes a group of formula 



CH3 




e.g. a compound of formula IB is ceftriaxone. 
Ceftriaxone is preferably produced as follows: 
A suspension of sodium cefotaxime in dichloromethane is 
cooled and silylated with BSS; e.g. 2 to 4 molequivalents 
BSS per mol of sodium cefotaxime (Solution A); e.g. to 
obtain a compound of formula III. A suspension of 
3-mercapto-2-methyl-(2,5-dihydro-6-hydroxy-5-oxo-as)- 
triazin in dichloromethane is silylated with BSTFA, e.g. 1 to 
5 molequivalents BSTFA per mol of sodium cefotaxime; to 
obtain a compound of formula Vila or Vllb; or a mixture of 
a compounds of formula Vila and Vllb: 



Y II 




Vila: Rf = H, R7 = Si(CH3)3 
Vllb: R6 Ry = Si(CH3)3 

(Solution B). 

Solutions A and B are combined and 1 to 10 molequiva- 
lents of TMSTf are added per mol of sodium cefotaxime to 
the combined solutions. 

Alernatively cefotaxime in free form and 3-mercapto-2- 
methyl(2,5-dihydro-6-hydroxy-5oxo-as)-triazin are com- 
monly silylated in dichlormethane and TMSTf is added; e.g. 
1 to 10 molequivalents TMSTf per mol of cefotaxime in free 
form; to the mixture obtained. 

The reaction mixture obtained is combined with an aque- 
ous and/or alcoholic mixture of water and sodium acetate or 
triethylamine. A precipitate may be formed and either the 
precipitate comprising ceftriaxone is filtrated off and ceftri- 
axone is isolated in the form of a precipitate; or a solvent 
which is able to form a two-phase system with water, e.g. 
dichloromethane; is added to the mixture obtained upon 
addition of an aqueous and/or alcoholic mixture of water and 
sodium acetate or triethylamine. A two-phase system is 
obtained and ceftriaxone is extracted into the aqueous phase, 
e.g. after pH adjustment to 5 to 7, preferably to 6 to 6.5 by 
addition of a base, e.g. a sodium salt of a weak acid, e,g, 
sodium bicarbonate or sodium acetate. The phases are 
separated and the aqueous phase is purified by charcoal 
treatment. E.g. in order to separate off water soluble contents 
from ceftriaxone, the pH of the aqueous phase may be 
adjusted to 1.0 to 3,5, e.g. 3.0. Ceftriaxone in free form may 
precipitate and may be filtrated off. 
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Ceftriaxone obtained may be further purified by dissolu- mixture obtained is stirred in an ice bath and 250 ml of water 

tion in an alcohol, e.g. methanol or propylene glycol; and and 500 ml of dchloromethane are added. The pH of the 

charcoal treatment. Low boiling alcohol, e.g. methanol may two-phase system obtained is adjusted with sodium bicar- 

be evaporated off from the filtrate obtained after charcoal bonate solution to 6.5. A two-phase system is obtained. The 
treatment The residue obtained, e.g. containing still alcohol, 5 organic phase is separated off and the pH of the aqueous 

may be converted into ceftriaxone in the form of a disodium phase is adjusted to 3 with 2 N HCl. Precipitation occurs, 

salt, e.g. by suspending ceftriaxone in free form in a mixture The precipitate obtained is filtrated off and suspended in 250 

of acetone and water and adjusting the pH of the mixture ml of acetone and 15 ml of water. The pH of the suspension 

obtained to 4 to 8, preferably to 5.8 in the presence of a obtained is adjusted to 6.5 by addition of 1 M aqueous 

sodium source; e.g. the sodium salt of a weak acid, e.g. sodium acetate. A clear solution is obtained and crystalliza- 

sodium acetate or sodium bicarbonate. Crystalline ceftiax- tion occurs. Acetone is added while stirring. The precipitate 

one in the form of a disodium salt, e.g. in the form of a obtained is filtrated off and dried. Ceftriaxone in the form of 

heptahydrate, may precipitate and may be isolated. Ceftri- a disodium salt and in the form of a hemiheptahydrate is 

axone in the form of a disodium salt may be obtained in high obtained. 

quality. EXAMPLE 2 

In the following examples all temperatures are given in ^^ -, ri ^a • ^u- 1 ^ n i^r?\ ^u • • \ * -j n o 

J (^ T ■ 7-[2-(Aminothiazol-4-yl)-2(Z)-methoximino)acetamidoJ-3- 

°- J- ,, . ' , , . ^. , ,, . , . ,, |r(2,5-dihydro-6-hydroxy-2-methyl-5-oxo-as-triazin-3-yl) 

Ine following abbreviations are used (herein and in the ,?■^ n .1,11 i, a u i- * -j • ^u t^ i 

, ^ ° ^ thio methyU-3-cephem-4-carboxylic Acid in the torm of a 

examples): p.. ,. o ij 

BSA: N,0-bis-(trimethylsilyl)-acetamide 01 *• ajti jjj -u ^ ■ r ^ 

„„„ , . /, . \, , ., ,x ,/, Solutions A and B are produced as described in Example 

BSS: bis-(trimethylsilyl)-sultate 20 , , , . . i »• n o no c a u^ o/^\ 

T3CTCA ivT<-,u- A • »!, 1 -1 i\» -fl » -A 1' Dut using in solution B 8.98 g of 4-chloro-2(Z)- 

BSTFA: N,0-bis-(trimethylsilyl)trmuoracetamide ', .."^^ , ^ ■ -j-ijini a u 

T10TT xTXT.i • /. • .1 , M ,\ me thoximino -3 -Oxo-butyiic acid inste ad o 1 1 1 .2 g 4-bromo - 

BSU: N,N -bis(trimethylsilyl)urea oz^x »u • • i u » • -j c i »• a j ti 

„ r ^ ■ ■ r / i, r^ ^ • .1 • , / ,\ .i/rrx 2(Z)-methoximino-3-oxo-butyric acid. Solutions A and B 

Cefotaxime in tree form: 7- 2-(aminothiazol-4-yl)-2(Z)- -jj j* • jmr. ^j- 

, ^, . . X , •, n o V . , \ :^, ) A are mixed and poured onto a suspension of 21.0 g of sodium 

(methoxyimino)acetamido -3-( acetyl -oxy)methyl-3- u- u » • %Ar\ i f » /o i u-i »• • -ru 

^ , ^ u r -rt bicarbonate in 340 ml of wate/2-propanol while stirring. 1 he 

„ r^. . J, ^ J, -, r., / A • .1 • , / ,\ .i/rrx ^^ pH of the two-phase system obtained is adjusted with 2 N 

Ceftriaxone in tree form: 7- 2-(Aminothiazol-4-yl)-2(Z)- fjr^i » on -ru ■ u ■ » j jt j » » j 

, ^, . . X , . , n o rr)o r ,• 1 , ^ 1 , HCl to 2.0. Ihe organic phase is separated on and treated 

(methoxiniino)acetamido]-3-{[(2 5-di -hydro-6-hydroxy- ^.^^ g 25 ml of water, 4.45 g of triethylamine and 3.35 g of 

2-methyl-5-oxo-as-triazin-3-yl)thio methyU-3- ^, . , ., ^. . ' ? .^ ^. -^ „, . .° ^ 

,-^. ,,. ., ^ ^ ^ ^ ' thiourea while stirring. Precipitation occurs. 1 he precipitate 

cephem -4-carboxylic acid . . , , , , . ^^7, , r f -^ , r 

„. J. £4 • -I rn/ • iu- 1 ^ i\ -,/ry\ IS isolated, suspended in 250 ml of acetone and 15 ml of 

Disodium ceftriaxone; 7- 2(aminothiazol-4-yl)-2(Z)- ^„ ,,.,,., ,. 

/ ,, . . X , -J n -, rr/o JT J- u\3 ^ ^" water and treated with 1 M aqueous sodium acetate in water. 

(methoxyimino)acetamido -3-1 (2,5-di -hydro-6- . , , . . , . ^, , ,,. . 

I, J i, .1 , r 4 • • 1 i\4u- n iu 11 1 A clear solution is obtained and crystallization occurs. 

hydroxy-2-methyl-5-oxo-as-triazin-3-yl)thio methyU-3- . . ,, , , . . , . , . , 

, . u 1- -J • »u f f J- J- u Acetone is added under stirring to the mixture obtained. 

cephem -4-carboxylic acid in the form of a disodium salt „p. . , ^ ^ ,. ,. , ,-, r 

tthjAo 1 1 1 1 1 1 u tu ij- -1 Ceitriaxone in the lorm oi a aisoamm salt and in the term 

HMDS: 1,1,1,3,3,3-hexamethyldisilazane r , ., , , . , . , 

„ J. £ 4 • -I rn / • iu- 1 ^ i\ -,/ry\ of a hemiheptahydrate IS obtained. 

Sodium cefotaxime: 7-[2-(aminothiazol-4-yl)-2(Z)- f j 

(methoxyimino)acetamido]-3-(acetyl-oxy) EXAMPLE 3 

methyl -3-cephem-4-carboxylic acid in the form of a 7-[2-(Aminothiazol-4-yl)-2(Z)-methoximino)acetamido]-3- 

sodium salt acetoxymethyl-3-cephem-4-carboxylic acid 

TMIS: iodotrimethylsilane Solutions A and B are produced acording to a method as 

TMSTf: trimethylsilyl-trifluormethansulfonate described in Example 2, but using in solution A 18.57 g of 

FX AMPT F 1 7-aminocephalosporanic acid instead of 18.57 g of 7-amino- 

Tfo/A • »u- 1 A i\ o/'TN »u • • \ » -J n 1 3-|r(2,5-dihydro-6-hydroxy-2-methyl-5-oxo-as-triazin-3- 

7- 2-(Aminothiazol-4-yl)-2(Z)-methoximino)acetamido -3- ,,^i-\ ' , ,■, ^ , ; , ;. ., „„ ., . . 

tr/n r j-u J ^ujAiUir i'-oiN yllthio methyU-3-cephem-4-carboxylic acid. While stirring 

1 (2,5-dihydro-6-hydroxy-2-methyl-5-oxo-as-triazin-3-yl) v • , ■ ,■ , ■ , , 

iu- n iu 11 1 u A 1- 1- A -J • iu T^ i the mixture obtained is poured onto an ice-cooled suspen- 

thio methyU-3-cephem-4-carboxylic Acid in the torm of a . r . ,. f . . ^ ^ , 
T->- J- o u r- sion of potassium bicarbonate in a mixture of water and 

Disodium Salt 45 . , r„, tt r i , , ■ , ■ 

o 1 .• A 2-propanol. Ihe pH of the two-phase system obtained is 

. „ -_ p _ . . rr/o c j-u J £ u J 1 adjusted to 2.0 with 2 N HCl. The organic phase is separated 

18.57 g of 7-amino-3-l (2,5-dihydro-6-hydroxy-2- J. , ,.,„_,p ,^o, ,■ , ■, 

., , r 4 • • 1 i\4u- n /u iM 1 u ^ on and treated with 7.5 ml of water and 3.81 g thiourea while 

methyl-5-oxo-as-triazin-3-yl)thio methyl) t-3-cephem-4- . . ^, ,, „ , . . , , ^„ ,^. 

, ,. ., J J • IOC 1 /j- ui tu stirring. Ihe pH of the mixture is kept between 3.0 and 3.5 

carboxylic acid, suspended in 185 ml of dichloromethane, , , f. . K. , . ^ ^ .%,,,. , , 

, , J J • . ui. An ^n fTioA u-1 4- • r- by addition of a solution of 2-amino-2,4,4-trimethylpentane 

are treated under inert gas with 40.69 got BSA while stirring 50 . -^ ,. , , , . . . .,.,,„ , ■ 

., ■ . . . . rj,r^ 1 .• 1,4 • J • in dichloromethane. A precipitate IS obtained. 2-Propanol IS 

the mixture at room temperature. Ihe solution obtained is ,, , , .,.,,., . . ^ , , 

1 H t -in° added to the suspension obtained while stirring and the 

„ , ,. „ ' precipitate is isolated and dried. 

Solution B -, r%, / A • 1 • 1 . IX o/rrx 1 • • X -in 

44 o e A u o/'TN 4U • • 1 u 4 • -J 7- 2-(Aminothiazol-4-yl)-2(Z)-methoximino)acetamido - 

11.2 g of 4-bromo-2(Z)-methoximino-3-oxobutyric acid ^ '-^ , , ~ , . , ,. .,., . , 

• or 1 £ J- ui 4U 1 J 4 mo . 4 j ,, 3-acetoxymethyl-3-cephem-4-carboxylic acid is obtained. 

in 85 ml of dichloromethane, cooled to -10 , are treated 55 j j t- j 

under inert gas with 10.41 g of phosphorpentachloride, EXAMPLE 4 

added in portions, while stirring. Ceftriaxone in Free Form 

Solution C Solution A 

3.81 g of thio urea, suspended in 50 ml of 23.87 g of sodium cefotaxim in 100 ml of dichlo- 
dichloromethane, are treated under inert gas with 40.7 g of 60 romethane are treated under inert gas with 19.31 g of BSTFA 

BSA while stirring. A clear solution is obtained. while stirring. To the mixture obtained 10.01 g of TMIS are 

Solution B is added to solution Awhile stirring at ca. -10° added. The mixture obtained is cooled to 0° and treated with 

under an inert gas atmosphere, the mixture obtained is further 20.02 g of TMIS while stirring, 

cooled to ca. 0° and treated with solution C under inert gas. Solution B 

The reaction mixture obtained is stirred at ca. 0° and poured 65 7.95 g of 3mercapto-2-methyl-2,5-dihydro-6-hydroxy-5- 

while stirring onto an ice-cooled solution of 41.5 g of oxo-as)-triazin in 32 ml of dichloromethane are treated with 

sodium 2-ethylhexanoate in 250 ml of acetone/water. The 11.19 g of BSA. A clear solution is obtained. 
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Solution B is added to Solution A and the mixture 
obtained is stirred under inert gas. The mixture obtained is 
poured onto a mixture of 20.5 g of sodium acetate in 350 ml 
of water/me thanol, the mixture obtained is treated with 6.20 
g of sodium thiosulphate pentahydrate and 250 ml of water 5 
and 500 ml of dichloromethane are added. The pH of the 
two-phase system obtained is adjusted to 6.5 with sodium 
bicarbonate. The organic phase is separated off and the 
aqueous phase is treated with charcoal. From the mixture 
obtained the charcoal is filtrated off and the pH of the filtrate lo 
obtained is adjusted to 3.0 with 2N HCl. Ceftriaxone in free 
form precipitates and is filtrated off. 



15 
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EXAMPLES 5 and 6 
Ceftriaxone in Free Form 

Are carried out according to the method as described in 
example 4; but using a Solution A (Example 5) and a 
Solution A (Example 6) as described below instead of a 
Solution A as described in Example 4. Ceftriaxone in free 
form is obtained. 
Solution A (Example 5) 

23.87 g of sodium cefotaxime in 100 ml of dichlo- 
romethane are treated with 8.88 g of HMDS while stirring 
under inert gas. The mixture obtained is treated at ca. 0° with 
11.01 g of TMIS, and with further 20.01 g of TMIS. 25 

Solution A (Example 6) 

22.77 g of cefotaxim in free form in 100 ml of dichlo- 
romethane are treated with 19.37 g of HMDS while stirring 
under inert gas. The mixture obtained is treated at ca. 0° with 
20.01 g of TMIS and is further stirred. 3g 

EXAMPLE 7 
Disodium Ceftriaxone 

Ceftriaxone sodium obtained according to example 5 in 
2500 ml of methanol is stirred with charcoal. The charcoal 
is filtrated off and solvent from the filtrate obtained is 
evaporated off at 30-35°. To the evaporation residue 
obtained 500 ml of acetone and 100 ml of water are added. 
The pH of the mixture obtained is adjusted to 5.8 with 5 M 
aqueous sodium acetate. Crystallisation occurs and is com- 
pleted by addition of acetone. The precipitate obtained is 
filtrated off, washed with acetone and dried. Crystalline 
disodium ceftriaxone in the form of a hemiheptahydrate in 
a purity of 99.4% (HPLC, area) and a content of 83.7% is 

obtained. 

45 

REFERENCE EXAMPLE 
Disodium Ceftriaxone Without Isolation of Ceftriaxone in 
Free Form 

Solution A and Solution B, produced according to 
Example 5, are reacted according to the description in 50 
Example 5 and worked up according to the description in 
Example 5; but omitting adjusting the pH of the aqueous 
solution obtained after filtrating off the charcoal and omit- 
ting isolation of ceftriaxone in free form according to 
Example 5. Instead, the aqueous solution obtained after 55 
filtrating off the charcoal according to the description in 
Example 5, is treated with 350 ml of acetone and the pH of 
the mixture obtained is adjusted to 5.8 with 5 M aqueous 
sodium acetate solution according to the description in 
example 7. The turbid solution obtained is seeded with 60 
disodium ceftriaxone obtained according to example 7. 
Crystallisation starts and is completed by addition of acetone 
according to the description 7. Crystalline dinatrium ceftri- 
axone is isolated and dried according to the description 7. 

Crystalline disodium ceftriaxone in the form of a hemi- 65 
heptahydrate in a purity of 98.1% (HPLC, area) and a 
content of 52.6% is obtained. 



20 

EXAMPLE 8 
Disodium Ceftriaxone 
Solution A 

23.87 g of sodium cefotaxime in 100 ml of dichlo- 
rmethane are treated with 30.31 g of BSS while stirring 
under inert gas in an ice-bath. 
Solution B 

7.95 g of 3-mercapto-2-methyl(2,5-dihydro-6-hydroxy-5- 
oxo-as)-triazine in 32 ml of dichloromethane are treated 
with 32.18 g of BSTFA while stirring and refluxing for 
several hours. 

Solution B is added to solution A while stirring. The 
resulting mixture is treated under ice-cooling and inert gas 
with 38.90 g of TMSTf . The mixture obtained is poured into 
an ice-cooled solution of 20.5 g of sodium acetate in 350 ml 
of methanol/water and 250 ml of water and 500 ml of 
dichloromethane are added. The pH of the two-phase system 
obtained is adjusted with aqueous bicarbonate to 6.5. The 
organic phase is separated off and the aqueous phase is 
treated with charcoal. The charcoal is filtrated off and the pH 
of the filtrate obtained is adjusted to 3.0 with 2N HCl. A 
precipitate forms and the mixture is stirred in an ice-bath. 
The precipitate is filtrated off. The residue is dissolved in 
3000 ml of methanol and treated with charcoal. The charcoal 
is filtrated off and solvent of the filtrate obtained is evapo- 
rated off at 30-35°. The evaporation residue obtained is 
treated with mit 300 ml of acetone and 150 ml of water 
adjusting the pH to ca. 5.8 with 5 M aqueous sodium acetate. 
To the mixture obtained 1500 of ml acetone are added and 
crystallisation occurs. The crystalline precipitate is filtrated 
off and dried. 

Disodium ceftriaxone is obtained in a purity of 99.9% 
(HPLC, area). 

EXAMPLE 9 
Disodium Ceftriaxone — One Pot Procedure 

23.87 g of cefotaxime in free form and 7.95 g of 
3-mercapto-2-methyl-(2,5-dihydro-6-hydroxy-5-oxo-as)- 
triazin in 150 ml of dichloromethane are treated with 57.92 
g of BSTFA while stirring under inert gas. A solution 
obtained is refluxed for several hours, cooled in an ice-bath, 
and treated with 33.34 g of TMSTf. The mixture obtained is 
poured onto an ice-cooled solution of 20.5 g of sodium 
acetate in 350 ml of methanol/water and 250 ml of water and 
500 ml of dichloromethane are added. Further treatment and 
work-up is carried out according to the method describred in 
example 8. 

Disodium ceftriaxone is obtained in a purity of 99.6% 
(HPLC, area). 

EXAMPLE 10 
Disodium Ceftriaxone — One Pot Procedure 

27.12 g of cefotaxime in free form and 8.12 g of 
3-mercapto-2-methyl-(2,5-dihydro-6-hydroxy-5-oxo-as)- 
triazin in 100 ml of dichloromethane are refluxed under inert 
gas with 10.42 g of BSU. A precipitate obtained is filtrated 
off and the filtrate obtained is diluted with 100 ml of 
dichloromethane. 13.86 g of TMSTf are added to the mix- 
ture obtained under reflux. Under ice-cooling 5 g of ethanol 
and 7.5 g of triethylamine are added. A precipitate is 
obtained and is filtrated off. The solid residue is dissolved in 
100 ml of propylene glycol, treated with charcoal and 
filtrated. The pH of the filtrate obtained is adjusted to 5.2 
with 5 N aqueous sodium acetate. Crystallization occurs 
while adding acetone. 

Disodium ceftriaxone is obtained as a fine, crystalline 
precipitate in a purity of 98.2% (HPLC, area). 



Case 1:06-cv-01640-TFH Document 13-30 Filed 01/19/2007 Page 13 of 14 



21 

What is claimed is: 

1. A compound of formula 



,ORi 




US 6,552,186 B2 

22 

alkenyl substituted by alkoxy, heterocyclythio, 

heterocyclylcarbonylthio, alkylcarbonyloxy or heterocyclyl, 

and Rj is unsubstituted alkyl, or alkyl substituted by 

n carboxyl, and R^ is hydrogen or R^ denotes together with 

5 the COO — group to which R^ is attached an ester of a 

pharmaceutical^ acceptable salt, comprising either 

a) reacting a compound of formula 



10 



wherein R'^ is trialkylsilyl or denotes with the coo — group 
to which R'^ is attached an ester, R^ is unsubstituted aklyl, 15 
or alkyl substituted by carboxyl, Y is halogen and X denotes 
a group formula 




CH3 




20 wherein Y is halogen, X and R^ are as defined above and R'^ 
is trialkylsilyl or denotes together with the COO — group to 
which R'^ is attached an ester, with a compound of formula 



25 



A. 



-^Y 




wherein R'" is trialkylsilyl. 
2. A compound of formula 




wherein R' is hydrogen or trialkylsilyl and R" is trialkylsilyl 
to obtain a compound of formula 



VI 



35 



40 




COOR'e 



45 



wherein Rj is unsubstituted alkyl, or alkyl substituted by 50 
carboxyl, and R', R'^ and R'" are tri(Ci_4)alkyksilyl. 

3. A process for the production of a compound of formula 



,ORi 



HoN- 




55 



wherein X, Rj, R' and R'^ are as defined above, and, 
optionally desilylating a compound of formula VI to 
obtain a compound of formula I; or a') desilylating a 
compound of formula II, wherein Y, X, and R^ are as 
defined above and R'^ is trialkylsilyl, and reacting a 
desilylated compound of formula II with thiorea in a 
solvent system containing organic solvent and water, to 
obtain a compound of formula I in free form, and 
thereafter optionally converting the compound of for- 
mula I to the salt form. 

4. A process for the production of a compound of formula 
I according to claim 3 wherein the compound of formula II 
is prepared by 

reacting a compound of formula 



60 



COORe 



in free form, in the form of a solvate, in a salt form or in the 
form of a solvate of an ester or a salt, 65 

wherein X is unsubstituted or substituted alkyl, or unsub- 
stituted or substituted alkenyl, said substituted alkyl or 




COOR'e 
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wherein R is hydrogen or trialkylsilyl or denotes together 
with COO — group to which R'^ is attached to an ester; and 
X is as defined in claim 3, with a compound or formula 






o o 



III 5 



10 



24 



-continued 



-H2C 



Y 



CH3 
I 




wherein Y is halogen, Y' is halogen, or a group which forms 
together with the carbonyl- group to which Y' is attached an 
active ester or a mixed anhydride; and R^ is as defined in 
claim 1, to obtain a compound of formula 



,OR 




j5 wherein R'" is trialkylsilyl, with a compound of formula V, 
wherein R' is hydrogen or trialkylsilyl and R'" is trialkylsilyl, 
to obtain a compound of formula VI, wherein R'^ is trialkyl- 
silyl; and Rj is CH3, is hydrogen or trialkylsilyl and X is a 

group of formula 

20 



25 



COOR'p 



wherein Y, X, R'^ and Rj are as defined in claim 3. 

5. Aprocess according to claim 3, wherein a compound of 
formula I is ceftriaxone or cefotaxime. 

6. Aprocess according to claim 3 wherein a compound of 
formula in the form of a solvate, or in the form of an ester 
or the form of a salt; or in the form of an ester or in the form 
of a salt, and in the form of a solvate. 

7. A process for the production of ceftriaxone in the form 
of a disodium salt comprising reacting a compound of 
formula II 



,ORi 




40 



45 



50 



wherein Y is halogen, R^ is CH3, R'^ is trialkylsilyl, and X 
is a group of formula 



I 



55 



--^Y 

N^ 



NH 




Y 




o 

CH, 
I 



-^Y 



35 




OR'" 



60 



wherein R'" is as defined above; and 

i) reacting the reaction mixture obtained with water/organic 

solvent which is miscible with water and a base; and with 

water/organic solvent which is able to form a two-phase 

system with water; 
ii) adjusting the pH of the mixture obtained to about 6.5; 
iii) separating off the organic solvent from the two-phase 

system obtained; 
iv) adjusting the pH of the aqueous phase obtained to a pH 

of about 3; 
v) filtrating off the precipitate formed; 
vi) suspending the precipitate obtained in a mixture of water 

and organic solvent which is miscible with water; 
vii) adjusting the pH of the mixture obtained to about 6.5; 

and 
viii) isolating ceftriaxone in the form of a disodium salt. 



